Chlamydia psittaci, the agent of psittacosis in humans, infects a wide range of avian species. To assess the risk of psittacosis posed by domestic birds in the urban environment, the prevalence of C. psittaci antibodies in 413 chickens (Gallus domesticus; 305 caged and 108 free-range), 334 ducks (Anas spp.; 111 caged and 223 free-range) and 312 pigeons (Columba livia) in Lanzhou, north-western China, was detected using the indirect haemagglutination assay. The specific antibodies were found in sera of 55 (13.32 %) chickens, 130 (38.92 %) ducks and 97 (31.09 %) pigeons. Statistical analysis showed that the seroprevalence of C. psittaci infection in chickens was significantly lower than that in ducks and pigeons (P,0.05). The C. psittaci seroprevalence in caged and free-range chickens was 7.54 % and 29.63 %, respectively, and the difference was statistically significant (P,0.05). The C. psittaci seroprevalence in caged and free-range ducks was 26.13 % and 45.29 %, respectively (P,0.05). To our knowledge, this is the first study indicating the presence of C. psittaci infection in market-sold chickens, ducks and pigeons in north-western China. Close contact with these birds is associated with a risk of zoonotic transmission of C. psittaci. Public education should be implemented to reduce the risk of avian to human transmission of such a pathogenic agent.
INTRODUCTION
Members of the family Chlamydiaceae are obligate intracellular agents that cause a wide range of diseases in birds and mammals, including humans. The family Chlamydiaceae has only a single genus, Chlamydia, with several valid species (Longbottom & Coulter, 2003; Stephens et al., 2009) . Psittacosis is a well-known human disease caused by Chlamydia psittaci (Rohde et al., 2010) , which is prevalent in wild birds, pet birds and poultry and causes economic losses to the poultry industry and the pet bird trade (Geigenfeind & Haag-Wackernagel, 2010) . Chickens, ducks and pigeons cohabit with humans in urban and rural areas. This represents a public health problem because C. psittaci can be transmitted through the inhalation of dust from the dry faeces of birds. Humans have been reported to face a particular risk for the transmission of C. psittaci from birds Petrovay & Balla, 2008) , with domestic and companion birds considered to represent the main risk (Circella et al., 2011) .
C. psittaci infection is prevalent in birds all over the world (de Lima et al., 2011; Dickx et al., 2010; Geigenfeind et al., 2012; Heddema et al., 2006; Magnino et al., 2009; Sareyyupoglu et al., 2007; Vázquez et al., 2010) , but there is very limited information on the prevalence of avian chlamydiosis in China (Liu et al., 2001; Ou & Pan, 2012; Yang et al., 2007; Zhang et al., 2003) . Reports to date have been published locally in Chinese journals and are not readily accessible to international readers. Given this background and the zoonotic significance of C. psittaci, the purpose of the present investigation was to examine the seroprevalence of C. psittaci infection in market-sold adult chickens (Gallus domesticus), ducks (Anas spp.) and pigeons (Columba livia) in Lanzhou, north-western China. These data will have implications for the improved prevention and control of bird infection with C. psittaci.
METHODS
Study site. The survey was conducted in Lanzhou City (35u59-38uN, 102u309-104u309 E), the capital of Gansu province, north-western China. Lanzhou is situated in the geometric centre of China's territory, covering an area of 13 000 km 2 with an average altitude of 1500 m. The climate is typically temperate and continental monsoon, with an average annual temperature of 9.3 uC and precipitation of 360 mm.
Naturally infected chickens, ducks and pigeons. A total of 1059 blood samples from birds slaughtered for meat, including 413 samples from chickens, 334 from ducks and 312 from pigeons, were collected from four poultry markets in Lanzhou, north-western China, between April and November 2011. Blood samples were transported to the laboratory, kept at room temperature for 2 h and centrifuged at 3000 g for 10 min to separate clear serum. The serum samples obtained were stored at -20 uC until further analysis. The details of animal husbandry practices were obtained by questioning the sellers/owners at the poultry market.
Serological examination. A commercial indirect haemagglutination assay (IHA) kit (Lanzhou Veterinary Research Institute, Chinese Academy of Agriculture Sciences) was used to examine serum antibodies to C. psittaci. The detection procedures were carried out as previously reported (Huang et al., 2013; Laroucau et al., 2009; Zhang et al., 2013) . Samples that reacted at dilutions of 1 : 16 or higher were considered positive for C. psittaci antibodies. Samples that reacted at dilutions of between 1 : 4 and 1 : 16 were re-tested, and positive and negative controls were included in each test.
Statistical analyses. Differences in C. psittaci seroprevalence between free-range and caged chickens and ducks were analysed with the generalized linear model (e.g. interactions between bird species, caged/free-range and localities) using SPSS for Windows (release 18.0 standard version, SPSS). The differences were considered statistically significant when P,0.05.
RESULTS AND DISCUSSION
Specific antibodies to C. psittaci were detected in 285 out of 1059 serum samples (26.91 %) by IHA test at the cut-off dilution of 1 : 16. Among them, 55 of 413 chicken serum samples (13.32 %) were seropositive for C. psittaci. The antibodies titres were diverse; the most frequent level was 1 : 16 (8.7 %), followed by 1 : 32 (1.9 %), 1 : 64 (1.9 %), 1 : 128 (0.5 %) and 1 : 512 (0.25 %). Antibodies to C. psittaci were found in 130 of 334 ducks (38.92 %), and the most frequent antibody titres were 1 : 16 (18.6 %), followed by 1 : 32 (14.4 %), 1 : 64 (7.2 %), 1 : 128 (2.7 %), 1 : 256 (1.2 %), 1 : 512 (0.3 %) and 1 : 1024 (0.3 %). C. psittaci antibodies were detected in 97 of 312 pigeon samples (31.09 %). The most frequent antibody titre was 1 : 32 (11.8 %), followed by 1 : 16 (11.5 %), 1 : 64 (3.5 %), 1 : 128 (2.2 %), 1 : 256 (1.6 %) and 1 : 1024 (1.3 %) ( Table 1 ).
Statistical analysis showed that the difference in C. psittaci seroprevalence between free-range and caged chickens was statistically significant (29.63 % versus 7.54 %, respectively, P,0.05), as was the difference in seroprevalence between free-range and caged ducks (45.29 % versus 26.13 %, respectively, P,0.05). Free-range chickens and ducks were also more likely than their caged counterparts to be infected with other pathogens (data not shown). These differences are probably caused by living conditions, with free-range birds more likely to come into contact with pathogens.
A very recent report indicated that 96 %, 93 %, 90 % and 91 % of Belgian broilers, broiler breeders, layers and French broilers, respectively, were C. psittaci seropositive (Yin et al., 2013) , numbers that are significantly higher than those reported in this study. IHA analyses revealed a C. psittaci seroprevalence of 31.09 % in the pigeons examined in the present study. A previous study reported that the OmpA gene of C. psittaci could be detected in only 17 of 202 feral pigeons (8.4 %), while C. psittaci DNA was present in nine of 447 pharyngeal swabs (2.0 %) and 11 of 348 cloacal swabs (3.2 %) from birds in Basel, Switzerland (Geigenfeind et al., 2012) , numbers rather lower than those in the present study. A further recent study reported a C. psittaci prevalence in pigeons of 42.5 % in Sao Paulo and 35 % in Bauru, Brazil (de Lima et al., 2011) , while a Spanish survey revealed a high C. psittaci prevalence (52.6 %) among pigeons captured in Madrid, Spain (Vázquez et al., 2010) . These prevalences are higher than those found in the present study.
The present study revealed differences in C. psittaci seroprevalence among chickens, ducks and pigeons (Table  1) , with a significantly lower seroprevalence in chickens compared with ducks and pigeons (P,0.05). Obviously, differences in feeding and living conditions may contribute to the different prevalences. Both caged and free-range ducks need water for swimming, and therefore have more complex living conditions than those of chickens. A study reported that chlamydial infection in duck flocks is a public health concern, and that Chlamydia monitoring should be conducted on a more regular basis ).
As shown in Table 2 , C. psittaci seroprevalences differed among birds sold at different poultry markets, ranging from 8.85 % to 27.78 % among chickens. Birds from market D had the highest C. psittaci seroprevalence. This was probably due to the poor hygiene conditions at this location, with accumulation of bird faeces in the cages; overcrowding of birds might be another reason.
The meat of chickens, ducks and pigeons is very important in Chinese cuisine. Although the present study did not involve humans, some reports have suggested that C. psittaci can be transmitted from infected birds to humans by direct or indirect contact (Belchior et al., 2011; Laroucau et al., 2009; Petrovay & Balla, 2008) . Therefore, employees of poultry-processing plants should be considered at high risk for C. psittaci infection because of their close contact with domestic birds when handling and processing poultry plumage and meat.
In this study, C. psittaci seroprevalence was higher in pigeons than in chickens. Free-living animals such as pigeons, other wild birds and mammals are considered to be sentinels of environmental spreading of C. psittaci, because of the increasing probability of them sharing the same environment as humans. Pigeons are gregarious birds that gather in streets, squares and parks, and along rivers and lakes; moreover, pigeons are caged as pet birds in some areas of China. Pigeons therefore pose a high risk for human infection with C. psittaci, and various precautions should be taken to mitigate this risk.
Reported C. psittaci seroprevalences have differed both within and between bird species (Geigenfeind et al., 2012; Monsalve et al., 2011; Yang et al., 2010) . Several factors may contribute to these variations, including geographical conditions, the diagnostic methods used, feeding and living conditions, stress and different sources of samples, with different socioeconomic and ecological conditions. Serological testing of C. psittaci can use several formats and immunoreactive antigens, and different serological tests vary in their sensitivity and specificity. Although the sensitivity of IHA is generally not as good as that of ELISA, the commercial IHA kit used in this study has good sensitivity and specificity (Huang et al., 2013; Zhang et al., 2013) . The serum samples used in the present study were collected between April and November 2011, and the C. psittaci seroprevalence reported might not reflect C. psittaci infection year-round. However, our results have provided some useful baseline information for future studies. It would be interesting for future studies to test environmental samples such as air, ventilation systems, air filters, cages and so on in order to assess the contamination of premises with C. psittaci.
Conclusions
The present survey revealed the presence of C. psittaci infection in market-sold adult chickens, ducks and pigeons in Lanzhou, north-western China. This has significant public health implications, and integrated and improved strategies should be implemented to prevent and control C. psittaci infection in birds. Seroprevalence of C. psittaci infection in China
